The biosynthesis of some furocoumarins present in Ruta graveolens has been studied administering labeled psoralen, xanthotoxin, rutaretin, marmesin and 7-hydroxycoumarin-derivatives.
The common strain Ruta graveolens L., contains many different furocoumarin-derivatives, located primarily in the leaves It is well known that these substances show very interesting photobiological properties, which explain the photodermatites 11 that this plant can provoke. The biological properties of furocoumarins have been widely investigated in our Institute over a long period 12 and their molecular mechanism of photosensitization has been clarified 13 ' 14 .
Many Authors [15] [16] [17] [18] [19] [20] [21] [22] [23] have investigated the biosynthetic pathway of furocoumarins and the results obtained with different plants and herbs indicated that the biosynthesis of this substances involves in a first stage the formation, from the corresponding oxygenated cinnamic acid, of 7-hydroxycoumarin-derivative.
This represents a first step in the biosynthesis of furocoumarins and in particular umbelliferone (or its glucoside skimmin) has been proposed as the physiological precursor in this first stage 16 ' 19 .
Successively the formation of the furan ring occurs on the 7-hydroxycoumarin-derivative through an isoprenylation reaction which leads to a 4',5'-dihydrofurocoumarin-derivative 15 ' 16 . Recently STECK and BROWN 17 ' 19 suggested that the natural intermediate which is involved in this stage is marmesin (5),
These Authors implied that this substance is subsequently transformed in psoralen; finally at this stage hydroxylation and O-alkylation reactions occur on psoralen (1) and consequently the other furocoumarins, such as bergapten (2), xanthotoxin (3) and so on, can be formed. Finally we have studied the role in this herb of labeled 5-, methoxy-7-hydroxycoumarin (7) and 7-hydroxy-8-methoxycoumarin (8) and also umbelliferone (6).
Materials and Methods

Preparation of labeled substances
7-hydroxycoumarin or umbelliferone (6) 24 , 5-methoxy-7-hydroxycoumarin (7) 25 and 7-hydroxy-8-methoxycoumarin (8) 26 have been prepared by synthesis in this Institute.
Marmesin (5) Purification of these substances has been carried out as described elsewhere 22 . Specific radioactivity of these compounds is reported in Table I , II and III.
Feeding Ruta graveolens with the labeled compounds
Aqueous solutions of the various labeled substances added to an equal volume of an "aqueous nutritious solution" 29 were introduced separately into 250 ml beakers containing seven months old herbs, which were immersed in these feeding solutions.
"Metabolism time" lasted seven days and during this period "aqueous nutritious solution" was added to maintain constant the level of the liquid layer.
During this "metabolism period" the herbs were illuminated with 500 W OSRAM HWL lamps. Control experiments were performed under the same experimental conditions without feeding labeled compounds.
Isolation and purification of furocoumarins
All the herbs, which were fed with the same labeled compound, were collected together after the "metabolism time", dried, completely triturated and extracted in an extraction apparatus; the methanolic extract after concentration was treated up following the procedure for preparing the "coumarinic extract" as described elsewhere 21 "coumarinic extract" was applied as a band on every plate and this was developed with a mixture of cyclohexane-ethyl acetate (2 : 1, v/v). In this way the traces of administered labeled substances were separated from the three furocoumarins. In a second step the area corresponding to the three furocoumarins was eluted with ethyl alcohol (using 25 ml of solvent for every plate) and the obtained solutions were filtered through a Millipore Mitef SM 5 p, membrane; after concentration they were applied to 3 chromatopapers Whatman 3MM which were developed with water. In this way psoralen and xanthotoxin were separated from bergapten. In a third stage silica gel analytical chromatoplates (Merck Cat. 5715) were used to isolate psoralen from xanthotoxin, developing plates with chloroform. The radiochemical purity of psoralen, bergapten and xanthotoxin was tested on silica gel thin layer chromatoplates using cyclohexane-ethyl acetate (2:1, v/v) as a solvent system. The amounts of these three substances have been measured spectrophotometrically, determining the O.D. of the corresponding solutions obtained by elution from the above mentioned chromatoplates (the bands of the three furocoumarins were brought into evidence by their fluorescence when exposed at 365 nm light).
Spectrophotometrical determinations and radiochemical measurements
Spectrophotometrical determinations were performed in a parallel way both recording the ultraviolet spectra of the ethanolic solutions of the three furocoumarins using a 124 double beam model Perkin-Elmer spectrophotometer and successively by reading the absorbance at X max by means of a single beam CF4 OPTICA instrument. Radiochemical measurements were performed by a liquid scintillator spectrometer Beckman LS 150, using a dioxane base liquid scintillator: naphthalene g 120, 2,5-diphenyl-oxazole g 4, 2,2'-p-phenylenbis(5-phenyl-oxazole) g 0.075 in dioxane up to 1000 ml of solution. The apparatus efficiency in the experimental conditions used was 30 -34% for tritium.
Results and Discussion
The results obtained feeding Ruta graveolens with psoralen (1) and xanthotoxin (3) are reported in Table I Finally 5-methoxy-7-hydroxycoumarin (7) and 7-hydroxy-8-methoxycoumarin (8) are incorporated only in a very small degree into psoralen, bergapten and xanthotoxin as indicated in Table III, while We are indebted to Prof. LUIGI MUSAJO and Prof. GIOVANNI RODIGHIERO for helpful discussion on this research.
